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Azolla is an aquatic fern that fixes atmospheric nitrogen in symbiotic association with the cyanobacterium 
Anabaena azollae. Azolla fronds are commonly affected by a soil-borne pathogen, namely Rhizoctonia 
so/ani. Benlate, a systemic fungicide, was used for treating three species of Azolla with a view to assessing 
its effect on growth, chlorophyll synthesis and nitrogen-fixing potential besides checking the Rhizoctonia 
so/ani infection. Benlate at 2.5 p.p.m. induced the growth of Azolla microphylla - BR-GI, Azolla caro/iniana-
WT -V and Azolla sp. - ST -SI. The growth rate induction in Azolla sp. - ST -SI due to Benlate treatment was 
significant. The culture Azolla sp. - ST -SI showed maximum nitrogenase activity due to Benlate treatment, 
followed by A. microphylla - BR-GI. A. caro/iniana - WT - V and Azolla sp. - ST -SI, when treated with 
Benlate, have shown higher chlorophyll . Benlate treatment reduced the nitrogen content in A. microphylla-
BR-GI and Azolla sp. - ST -SI, while carbon content was not affected much. 
Azolla is 'n watervaring wat atmosferiese stikstof bind in simbiotiese assosiasie met die sianobakterie 
Anabaena azollae. Azolla blare word algemeen aangetas deur die grondpatogeen Rhizoctonia so/ani. 
Benlate, 'n sistemiese swamdoder, is gebruik om drie Azolla spesies te behandel, nie net om die Rhizoctonia 
so/ani infeksie te stuit nie, maar ook om die uitwerking daarvan op die groei, chlorofilsintese en 
stikstofbindingspotensiaal te bepaal. Benlate, teen 2.5 d.p.m., het die groei van Azolla microphylla - BR-GI, 
Azolla caro/iniana - WT -V en Azolla sp. - ST -SI ge·induseer. Die groeitempo-induksie by Azolla sp. - ST -SI 
as gevolg van Benlate-behandeling was betekenisvol. Die kultuur Azalia sp. - ST -SI het maksimum 
nitrogenase-aktiwiteit as gevolg van Benlate-behandeling getoon, gevolg deur A. microphylla - BR-GI. 
Wanneer met Benlate behandel, het A. caro/iniana - WT -V en Azalia sp. - ST -SI hoar chlorofil getoon. 
Benlate-behandeling het die stikstofinhoud van A. microphylla - BR-GI en Azalia sp. - ST -SI verminder, 
terwyl die koolstofinhoud nie veel be'invloed is nie. 
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growth rate, acetylene reduction, rice. 
Introduction 
The genus Azalla occurs in ponds, clitches and rice fields of 
warm temperate and tropical regions throughout the world 
(Lumpkin & Plucknett 1980). The fronds of Azalla spp. 
consist of a sporophyte with a floating rhizome and small, 
overlapping, bilobed leaves and roots (Moore 1969; Kan-
naiyan 1979). The algal symbiont Anabaena azallae Stras-
burger is associated with the dorsal leaf lobes and fixes 
atmospheric nitrogen when floating in water (Kannaiyan 
1990). The biomass of Azalia spp. is effectively exploited as 
biofertilizer for rice crop (Talley & Rains 1980; Kannaiyan 
1987). Azalia spp. inoculation in dual culture along with rice 
crop multiplies rapidly and contributes approximately 30 -
40 kg N ha-1 (Lumpkin & Plucknett 1980; Kannaiyan 1984). 
Black rot disease caused by Rhizactonia solani is the most 
common disease which affects Azalla spp., resulting in the 
death of fronds (Kannaiyan 1982). Kannaiyan (1985) 
screened several cultures of Azalia spp. and found that 
Azalia caroliniana showed a certain amount of tolerance to 
the disease while Azalla nilotica was highly susceptible 
(Kannaiyan 1985). Kannaiyan et al. (1982) tested various 
fungicides and found that Benlate and Bavistin at 0.1 and 
0.2 per cent, respectively, inhibited the growth of R. solani 
* The study was carried out at the C.F. Kettering Research Labora-
tory, Yellowsprings, Ohio 45387, USA. 
under in vitro conditions. Bavistin-spraying at 50 p.p.m. 
effectively controlled the black rot disease in Azalla pinnata 
(Venkataramanan & Kannaiyan 1984). Although the sys-
temic fungicide Benlate is highly effective in inhibiting the 
pathogen Rhizoctonia solani in Azalla spp., the interaction 
of this fungicide on the growth and nitrogen fixation of 
Azolla spp. is not known. 
Methods 
An experiment was conducted to find out whether Benlate 
affected the Rhizoctonia solani infections in Azalia spp. In 
addition, the interactions of Benlate and R. solani infection 
on nitrogen fixation, growth, chlorophyll accumulation, 
carbon and nitrogen contents in Azalla spp. were studied. 
Nitrogen-free IRRI (International Rice Research Institute) 
growth medium developed by Watanabe et al. (1977) was 
used for growing the Azalia spp. The medium was prepared 
and 150 ml was added into 500-ml conical flasks. The 
systemic fungicide Benlate 50% wettable powder (methyl-1-
butyl carbamoyl-2-benzimidazole carbamate) was added to 
the medium at 2.5 p.p.m. active ingredients, and sterilized. 
Actively growing Azalla microphylla - BR-GI (California, 
USA), Azalla caroliniana (Ohio, USA) and Azolla sp. -
ST-SI (California, USA) were selected and the fronds of 
Azalla spp. were inoculated with the actively growing one-
week-old young culture of the pathogen Rhizoctonia solani 
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Kuhn. The inoculated fronds of Azolla spp. were incubated 
in sterile Petri dishes containing filter paper soaked in sterile 
water for 12 h. The inoculated Azolla spp. were subse-
quently transferred to 250-ml conical flasks containing 100 
ml sterile nitrogen-free IRRI medium for one week under 
growth room conditions. Azolla spp. previously inoculated 
with the pathogen R. solani were selected and inoculated at 
O.lg into the nitrogen-free IRRI medium containing the 
fungicide Benlate at 2.5 p.p.m. The inoculated flasks were 
incubated at 26 ± 1°C at a light intensity of 85 J.l.E m-2 S-I 
for 4 weeks. The biomass, nitrogenase activity, chlorophyll, 
carbon and nitrogen contents were determined after 4 weeks. 
The doubling time and growth rate were calculated from the 
biomass production. 
Estimation of growth rate 
The growth rate of Azolla spp. was calculated after 4 weeks 
by recording the biomass yield. The doubling time was 
calculated by using the formula of Subudhi and Watanabe 
(1981). Doubling time (DT) is equal to tlr where t is the 
experimental period, r = 10g[(WI - Wo) I 0.301] where WI is 
the weight after t days, Wo is the weight of the initial 
inoculum, and 0.301 is a constant. The relative growth rate 
(RGR) is equal to 0.693 I DT, where DT is the doubling 
time and 0.693 is a constant factor. 
Estimation of nitrogenase activity 
Acetylene reduction assay for estimating the nitrogenase 
activity was done according to the methods of Peters and 
Mayne (1974). Fronds of Azolla spp. of 0.1 g fresh weight 
were incubated for 30 - 60 min under an atmosphere of 
10% C2H2 : 0.03% CO2 in argon in sealed vials using 
nitrogen-free IRRI medium. Sealed vials were incubated at 
26 ± 1°C and at 85 J.l.E m-2 s-1 light intensity. Ethylene was 
measured in a Varian 3740 FID (flame ignition detector, gas 
chromatograph equipped with a porapak N (80 - 100 mesh) 
column, 1.8 m X 0.35 cm. The column temperature was 
maintained at 90°C and the carrier gas was nitrogen. Peak 
areas were measured utilizing a Hewlett-Packard 3390A 
recording integrator and the nitrogenase activity was 
expressed as nanomoles C2H4 produced per minute per gram 
fresh weight. 
Estimation of chlorophyll 
Chlorophyll was determined according to Wintermans and 
Demots (1965). Azolla spp. fronds (0.1 g fresh weight) were 
extracted in 10 ml of 95% ethyl alcohol for a minimum of 
15 min in the dark and centrifuged at 2500 r/min for 10 min. 
Absorption of the supernatant was read in a Varian DMS-90 
uv-vis spectrophotometer at 665 and 649 nm prior to 
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calculating the chlorophyll-a and chlorophyll-b concentra-
tions, respectively, and expressed as micrograms per gram 
fresh weight. 
Carbon and nitrogen analysis 
Azolla spp. fronds were dried in an oven at 70°C for 48 h. 
Dried plant material was pulverized and used for carbon and 
nitrogen analysis. These analyses were determined with a 
Perkin-Elmer Model 240 Elemental Analyzer equipped with 
a control Equipment Corporation MC-341-HA microinjector 
using 2.5-mg samples of the dried material weighed on a 
Cahn Model G electrobalance. Dinitrodurene was used as a 
standard. Carbon and nitrogen contents of Azolla spp. fronds 
were expressed as percentage of dry weight. 
Results 
Benlate at 2.5 p.p.m. was found to be inhibitory to 
Rhizoctonia solani infection and thereby increased the 
growth of all three species of Azolla when compared to the 
untreated plants (Table 1). Azolla sp. - ST-SI recorded a 
relative growth rate (RGR) of 0.061 g g-I day-I under Ben-
late treatment, while a RGR of 0.038 g g-I day-I was re-
corded in the untreated sample. The growth rate increase in 
Azolla sp. - ST -SI due to Benlate treatment was quite sub-
stantial when compared to the other two species (Table 1). 
In general, the nitrogenase activity was stimulated in all 
three species of Azolla in the presence of Benlate at 2.5 
p.p.m. (Table 2). Azolla sp. - ST -SI recorded maximum 
nitrogenase activity followed by A. microphylla - BR-GI in 
the presence of Benlate. 
The chlorophyll contents are presented in Tables 3 and 4. 
Of the three species of Azolla used in this study, Benlate 
increased the total chlorophyll content substantially in A. 
caroliniana - WT -V and Azolla sp. - ST -SI. There was no 
marked difference in chlorophyll-b between treatments in 
the presence or absence of Benlate. On the other hand, 
substantial increases in chlorophyll-a could be seen in both 
A. caroliniana - WT -V and Azolla sp. - ST -SI, while 
maximum total chlorophyll accumulation was observed in A. 
caroliniana - WT-V (Table 5). Benlate inhibited nitrogen 
content in A. microphylla - BR-GI and Azolla sp. - ST-SI, 
while nitrogen content was increased by Benlate in A. caro-
liniana (Table 5). 
Discussion 
It is interesting to note that the systemic fungicide Benlate 
stimulated the growth of Azolla sp. - ST -SI when compared 
to the other two species used in this investigation. Kan-
naiyan (1989) has shown a positive influence of Benlate in 
inducing the growth and nitrogen-fixing activity of Azolla 
Table 1 Effect of Benlate and Rhizoctonia interactions on the growth in three species of Azalia 
Azalia species 
A . microphylla - BR-GI 
A. caroliniana - WT-V 
A. sp. - ST-SI 
• RGR: Relative growth rate. 
Biomass (g) 
3.10 
3.24 
0.46 
Unlrealed 
Doubling time (days) RGR' (g g-I day-I) 
8.29 ± 1.21 0.085 ± 0.012 
7.98 ± 0.16 0.087 ± 0.002 
18.26 ± 1.78 0.038 ± 0.004 
Benlate (2.5 p.p.m.) 
Biomass (g) Doubling time (days) RGR' (g g-I day-I) 
3.66 7.71 ± 3.66 0.090 ± 0.003 
3.55 7.77 ± 0.15 0.089 ± 0.002 
1.33 12.11 ± 4.11 0.061 ± 0.021 
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Table 2 Effect of Benlate and Rhizocfonia interactions 
on the nitrogenase activity in three species of Azolla 
Azolla species 
A. microphylla - BR--GI 
A. carolimana - Wf-V 
A. sp. - ST--SI 
Nitrogenase activity' 
Untreated 
19.12 ± 4.58 
10.94 ± 9.20 
13.00 ± 0.06 
Benlate (2.5 p.p.m.) 
22.13 ± 10.95 
12.26 ± 2.60 
22.43 ± 2.33 
a Nanomoles C2H4 produced per minute per gram fresh weight. 
pinnata. Growth rate induction in A. pinnata due to the 
granular insecticide Carbofuran was earlier reported by 
Kannaiyan and Nandabalan (1985). The amount of nitrogen 
fixed by Azolla spp. largely depends on climatic factors, 
nutrient status of flood water and the inherent potential of 
individual species. In the present investigation, under 
identital growth conditions, nitrogenase activity was 
stimulated by Benlate in all three species of Azolla. 
In the present study the use of Benlate not only sup-
pressed the growth of Rhizoctonia so/ani (black rot disease), 
but also augmented the growth and nitrogen fixation in the 
three species of Azolla. No information is available on the 
effect of Benlate on the nitrogenase activity. However, 
pesticide application is known to induce nitrogenase activity 
in general (Kannaiyan 1985). Azolla sp. chloroplasts contain 
chlorophyll-a as well as chlorophyll-b, while Anabaena 
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azollae filaments contain only chlorophyll-a together with 
phycobiliproteins. Both Azolia sp. and Anabaena azollae 
contain carotenoids (Tyagi et al. 1980). As in free-living 
cyanobacteria (Haselkom 1978), there is a close relation 
between photosynthesis and nitrogen fixation in the Azolla-
Anabaena association (peters & Mayne 1974). 
In the present investigation the systemic fungicide 
Benlate stimulated chlorophyll synthesis in two species of 
Azolia. Photosynthesis and nitrogen fixation are interrelated 
processes in the Azolla-Anabaena symbiosis (Shi & Hall 
1988). The data presented here seem to indicate that the 
systemic fungicide Benlate could be exploited to control 
Rhizoctonia solani infections in Azolla at low dosages, 
thereby increasing the biomass of Azolla spp. biofertilizer 
for rice production. This aspect has practical significance 
during rice production in the field because a reduction in the 
effect of the disease would result in better biomass produc-
tivity in Azolla spp. 
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Table 3 Influence of Rhizoctonia interactions on chlorophyll content in three species of 
Azolla 
Azolla species 
A. microphylla - BR-GI 
A. caroliniana - Wf-V 
A. sp. - ST--SI 
Chlorophyll-a 
48.22 ± 10.92 
74.06 ± 18.05 
21.51 ± 1.35 
Chlorophyll content (fl-g per gram fresh weight) 
Chlorophyll-b 
20.04 ± 2.54 
25.26 ± 5.81 
10.11 ± 0.05 
Total chlorophyll ChI.-a : chl.-b ratio 
68.26 ± 8.38 2.48 ± 0.86 
99.32 ± 23.86 2.93 ± 0.04 
31.62 ± 1.40 2.13 ± 0.12 
Table 4 Effect of Benlate and Rhizocfonia interactions on chlorophyll content in three 
species of Azolla 
Azalia species 
A. microphylla - BR-GI 
A. caroliniana - Wt- V 
A. sp. - ST--SI 
Chlorophy II-a 
47.41 ± 19.92 
89.96 ± 6.12 
31.96 ± 4.99 
Chlorophyll content (fl-g per gram fresh weight) 
Chlorophyll-b 
17.21 ± 6.41 
27.97 ± 1.88 
10.86 ± 0.69 
Total chlorophyll 
64.62 ± 19.92 
117.93 ± 8.00 
42.83 ± 4.30 
Chi. -a : chi. -b ratio 
2.80 ± 0.26 
3.22 ± 0.00 
2.96 ± 0.65 
Table 5 Effect of Benlate and Rhizocfonia interactions on carbon and nitrogen contents of 
three species of Azolla 
C(%) N (%) C:N ratio 
Azalia species Control Benlatea Control Benlatea Control Benlatea 
A. microphylla - BR-GI 43.84 42.48 5.71 4.65 7.78 9.22 
A. caroliniana - Wf-V 45 .02 45.56 6.00 6.09 7.56 7.49 
A. sp. - ST--SI 43.84 43.25 5.71 3.13 7.78 13.94 
a 2.5 p.p.m. 
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